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(£) Power control for mobile phone during soft handoff between two base stations using power control 
bits. 



@ The cellular mobile radio system comprising at 
least two base stations, and at least one mobile unit 
arranged to communicate with the base stations via 
a radio medium. Each base station includes means 
for detecting the power of received signals, means 
for generating a power control signalling bit for con- 
trolling the amplitude of a power signal, and means 
for transmitting the power signal to the mobile unit. 



The mobile unit includes means for receiving the 
power control bits, and means for monitoring the 
power control bits to identify the base station send- 
ing a greater number of control bits over a transmit 
frame, indicating that that base station has received 
the higher average power signal over the transmit 
frame. 
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The present invention relates to apparatus for 
use in a mobile radio system, and more particularly 
it relates to the control of transmit power from a 
mobile unit to a base station. The invention is 
applicable to CDMA systems, but is not necessarily 
limited thereto. 

The efficient operation of a CDMA cellular mo- 
bile radio system requires that every mobile trans- 
mits the minimum power necessary for acceptable 
communication at all times. In a frequency re-use 
environment with many base stations this also im- 
plies that the mobile must transmit at all times to 
the base station permitting operation with the mini- 
mum mobile transmit power. The choice of this 
base station will be a function, not only of the 
relative path losses but also of the relative interfer- 
ence levels at the two (or more) preferred base 
stations. 

A known solution for solving this problem for 
the uplink (mobile to base station direction) has 
been the use of so called 'soft handoff'. In this 
mode of operation, two (or more) base stations 
attempt to receive the signal and demodulate it. 
These base stations then pass their signals onto 
the mobile switching centre where the better signal 
is selected. 

This approach has two problems. During op- 
eration of the 'soft handoff' mode, two (or the 
number of base stations involved, if greater) si- 
multaneous links must be established. There is a 
cost associated with this additional traffic, particu- 
larly if the backbone network capacity is rented 
from a third party operator. 

Furthermore, the use of CDMA cellular mobile ra- 
dio requires fast accurate power control to mitigate 
the so called 'near far problem' as familiar to those 
versed in the art. If closed loop power control is 
implemented, there is a potential conflict between 
the control exerted from the two base stations. One 
approach known in the prior art implements a 'low- 
est wins' strategy in which the control of one mo- 
bile by two base stations is exerted in such a way 
that the mobile will increase its power only if both 
base stations require this. There is a potential 
inefficiency involved in this strategy which is illus- 
trated by reference to Figure 1 . 

Referring to Figure 1, the first plot shows the 
path gain relative to power control demand thresh- 
old for two base stations receiving a signal from 
one mobile. Taking each base station individually, 
then the position would be that whenever the rela- 
tive path gain equals the threshold the mobile 
transmitter is set to a nominal value. Otherwise it is 
increased or decreased as necessary to keep the 
received signal at the threshold. The 'lowest wins' 
strategy leads to the illustrated power profile. This 
in turn leads to the conditions illustrated in the 
second and third plots. It can be seen that in 



neither case is the threshold power obtained over 
the entire period. If this period corresponds to an 
error control coding interleaving frame then it is 
likely that the signal may be un-correctable at both 

5 base stations. To avoid this, it is necessary to 
increase the power control threshold. However, this 
would result in an unnecessary increase in transmit 
power whenever only one of the base stations was 
dominant throughout a frame. Moreover, the added 

10 power fluctuations tends to degrade error perfor- 
mance. 

An aim of the present invention is to provide 
means by which the above mentioned problems 
are avoided whilst retaining the necessary respon- 
76 siveness to path changes. 

According to the present invention there is 
provided a cellular mobile radio system comprising 
at least two base stations, and at least one mobile 
unit arranged to communicate with the base sta- 
20 tions via a radio medium, each base station includ- 
ing means for detecting the power of received 
signals, means for generating a power control sig- 
nalling bit for controlling the amplitude of a power 
signal, means for transmitting the power signal to 
26 the mobile unit; the mobile unit including means for 
receiving the power control bits, and means for 
monitoring the power control bits to identify the 
base station sending a greater number of control 
bits over a transmit frame, indicating that that base 
30 station has received the higher average power sig- 
nal over the transmit frame. 

Preferably, each mobile unit includes means 
for directing the next frame of information to the 
base station which received the higher average 
35 power signal. 

Preferably, the means for monitoring the power 
control bits comprise first and second receivers 
arranged to receive the power control bits, the 
outputs of which are connected to the input of first 
40 and second counters arranged to count the number 
of down signals generated by the receivers, an 
output from each counter being applied to a com- 
parator to determine which of the base stations has 
received the higher average power signal, and gen- 
45 erates a control signal for controlling switching 
means for determining which receiver is allowed to 
transmit its contents from the mobile unit. 

An embodiment of the present invention will 
now be described with reference to the accom- 
50 panying drawings wherein: 

FIGURE 2 shows a block diagram of a hardware 
implementation of the present invention showing 
a mobile station communicating with two base 
stations; and, 

55 FIGURE 3 shows a block diagram of part of the 

circuit used for power control which is located in 
each of the base stations. 
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Referring to Figure 2, there is shown two base 
stations 100, 200. It will be appreciated that al- 
though two base stations are shown any number of 
base stations nnay be provided. Each base station 
antenna 2, 4 is connected to a receiver module 6, 8 
respectively, the output of which is connected to a 
de-multiplexer 10, 12 respectively. Each de-mul- 
tiplexer 10, 12 generates an output data signal on 
an output line 14, 16 respectively. Each de-mul- 
tiplexer 10, 12 has a further output connected to an 
input of a comparator 18, 20 respectively each of 
which receive an input signal on a line 22, 24 
respectively. This signal is indicative of a base 
station identity. Each of the comparators 18, 20 
have an output line 26, 28 respectively, upon which 
a signal is generated indicative of the comparison. 

Referring to Figure 3, each of the base stations 
100, 200 include the circuitry shown in Figure 3 
which comprises a splitter 30 connected to the 
antenna. An output from the splitter is connected to 
an input of a receiver 32, the output of which is 
connected to an envelope detector 34. The output 
of the detector 34 is connected to an input of a 
threshold device 36. The output of the threshold 
device 36 is connected to an input of a modulator 
38. The output of the modulator 38 is connected to 
a further input of the splitter 30. The threshold 
device 36 is tied at a second input thereof, 40 to a 
preset voltage signal. The operation of the circuit 
shown in Figure 3 will be described in detail later 
with reference to Figure 2. 

Referring back to Figure 2, the mobile unit 300 
includes an antenna 42 connected to an output of a 
splitter/combiner 44. A multiplexer 46 receives data 
from a source on an input line 47 and is connected 
to an input a transmit frame circuit 48 which feeds, 
via an oscillator 50, into a transmitter 52. The 
transmitter 52 is controlled by an accumulator 70. 
The output of the transmitter 52 is connected to an 
input of the splitter/combiner 44. A further output of 
the splitter/combiner 44 is connected to a splitter 
54, the outputs of which are connected to an input 
of a receiver 56, 58 respectively. The outputs fronn 
the receivers 56, 58 are connected to a contact of 
a switch 60 respectively. The output of the receiver 
56 is connected to an input of a counter 62, and 
the output of the receiver 58 is connected to an 
input of a counter 64. The outputs from the counter 
62, 64 are connected to a digital comparator 66, 
the output of which is connected to an input of a 
latch circuit 68. The output of the latch circuit 68 Is 
connected to the switch 60 and to a further input of 
the multiplexer 46 for controlling the switch 60 and 
the multiplexer 46. 

The operation of the circuits of Figures 2 and 3 
will now be described. 

Figure 2 shows a mobile unit 300 in commu- 
nication with base stations 100, 200. Only the up- 



link, i.e. the link running from the direction mobile 
unit to the base station is considered for this inven- 
tion. However, it will be appreciated that power 
control links running in opposite direction, ie. base 

5 station to mobile unit are necessary for signalling 
purposes. The mobile unit transmits its signal to 
the base stations 100, 200. These base stations 
include, as shown in Figure 3, a receiver 32, and 
an envelope detector 34 for detecting the power of 

10 the received signals from that particular mobile 
unit. This is compared in a threshold device 36 
and, according to the power, a power control bit is 
generated. If the received signal power exceeds 
the threshold, a reduced power signal is generated, 

76 if it is below the threshold, an increase power 
signal is generated and transmitted through the 
relevant part of the modulator 38 using the modula- 
tion format applicable for that system. These sig- 
nals are broadcast by the two base stations 100, 

20 200 according to the powers as received in those 
base stations. The mobile unit 300 receives the 
signal which pass through splitter/combiner 44, 
which is the coupler that multiplexes between re- 
ceive and transmit, onto the splitter 54. This is a 

25 splitter which divides into the two receivers 56, 58 
for the power control signalling bits. In fact this 
distinguishing is done for a CDMA cellular mobile 
radio system on the basis of spreading codes. At 
this stage the correct received power control data 

30 sequence has to be selected via a switch 60. which 
is under control from a latch circuit 68. How the 
state of the latch circuit 68 is controlled will be 
explained in due course. At the output of the switch 
60 is an accumulator 70, which takes the accu- 

35 mulated up/down signals to create an overall level 
which controls the power of the output transmitter 
52, and this power is transmitted. The outputs of 
receivers 56, 58 are also connected to the counters 
62, 64. The counters 62, 64 count up the number 

40 of down signals generated by the receivers 56, 58 
and are connected to a digital comparator 66. The 
comparator 60 compares the number of down sig- 
nals received from the two base stations 100, 200. 
The base station sending the greater number of 

45 down signals, has over a transmit frame received 
the higher average signal power, and therefore can 
be considered the better base station for selection 
in the following frame. The output of the compara- 
tor 66 therefore, if negative, sets the latch circuit 68 

50 to be a one, and if positive sets the latch circuit 68 
to be a zero for the following frame. Thus, the 
operation of the counters 62, 64 is synchronous 
with the transmit frame structure. Thus, the power 
control operation is controlled for each frame on 

55 the basis of the signal quality at the base stations 
applying in the previous frame. 

An auxiliary function is that there is a require- 
ment for the mobile unit to direct its frame to the 
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base station considered to be optimunn. This is 
done by multiplexing a base station selection bit 
into the transmit frame. Thus, the output of the 
latch circuit 68 is fed into the multiplexer 46 to- 
gether with the data on the input line 47, to be 5 
transmitted from the mobile unit 300 to the network 
via the base station. This data is passed from the 
multiplexer 46 to a transmit frame circuit 48 which 
performs all functions such as broad error correc- 
tion coding, error checksum and, interleaving, to io 
produce the signal that is actually modulated onto 
the transmitter 52. The signal that is transmitted to 
base stations 100, 200 passes into the receiver 
module 6, 8 where an attempt is made to demodu- 
late it, in particular the checksum is applied. If that is 
checksum is successful, then de-multiplexing is 
applied by de-multiplexer 10, 12, to separate out 
the one bit of data that corresponds to the base 
station selection. This is then compared with the 
base station identity on input line 22, 24, in the 20 
comparator 18, 20 to determine whether there is a 
match between the bit and the base station. If this 
match applies, then the data is launched from that 
base station into the backbone network onto the 
mobile switching centre, otherwise it is not. 25 

If the atx)ve invention is used in connection 
with a statistically multiplexed backbone network, it 
will result in a significant reduction in the average 
traffic level. When the network is operating close to 
capacity, this mean reduction will also be reflected 30 
in peak traffic levels. 

The present invention overcomes the problem 
of power controlled conflict experienced in the prior 
art, because the mobile is only under control of 
one base station at a time for the period which 35 
matters, ie. an error control coding interleaving 
frame. 

The present invention may readily be extended 
to cater for a multiplicity of base stations. This 
would require the power control signals from all 40 
relevant base stations to be logged at the mobile 
unit in order to select the best for the next frame. 
The mobile unit must now transmit more than one 
base station identification bit (ie, one bit for two 
base stations, two bits for three base stations etc). 45 
In practise the system design would include 
enough bits to cater for the maximum number of 
base stations which might apply anywhere within 
the system. 

The actual mapping between the base station so 
identification bits and base station could be deter- 
mined at the time when the multi base station 
mode was established. For the case of two base 
stations in operation, one option would be to use 
zero for the base station to which the mobile was 55 
affiliated first, and one for the mobile which was 
added although any sensible mapping could be 
used. 



In the above description, the mobile unit counts 
the power control signals throughout its frame. 
However, the latest power control signals occurring 
in the frame could be ignored to allow a decision to 
be taken earlier, giving time to construct the next 
transmit frame in time for it to be modulated. 

Claims 

1. A cellular mobile radio system comprising at 
least two base stations, and at least one mo- 
bile unit arranged to communicate with the 
base stations via a radio medium, each base 
station including means for detecting the pow- 
er of received signals, means for generating a 
power control signalling bit for controlling the 
amplitude of a power signal, means for trans- 
mitting the power signal to the mobile unit; the 
mobile unit including means for receiving the 
power control bits, and means for monitoring 
the power control bits to identify the base 
station sending a greater number of control 
bits over a transmit frame, indicating that that 
base station has received the higher average 
power signal over the transmit frame. 

2. A cellular mobile radio system as claimed in 
Claim 1, wherein each mobile unit includes 
means for directing the next frame of informa- 
tion to the base station which received the 
higher average power signal. 

3. A cellular mobile radio system as claimed in 
Claim 2, wherein the means for monitoring the 
power control bits comprise first and second 
receivers arranged to receive the power control 
bits, the outputs of which are connected to the 
input of first and second counters arranged to 
count the number of down signals generated 
by the receivers, an output from each counter 
being applied to a comparator to determine 
which of the base stations has received the 
higher average power signal, and generates a 
control signal for controlling switching means 
for determining which receiver Is allowed to 
transmit its contents from the mobile unit. 

4. A cellular mobile radio system as claimed in 
Claim 3, wherein the output of the switching 
means is applied to an accumulator which is 
arranged to accumulate the up down signals to 
create an overall signal level for controlling the 
output of a transmitter. 

5. A cellular mobile radio system as claimed in 
Claim 4, wherein the means for directing the 
next frame of Information to a particular base 
station comprises a latch connected to an input 
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of a multiplexer which receives at a further 
input thereof, data to be transmitted from the 
mobile unit, an output from the multiplexer is 
connected to an input of a framer circuit ar- 
ranged to perform broad error correction cod- 5 
ing, error checksum and interleaving to pro- 
duce a signal to be modulated onto an input of 
the transmitter. 

6. A cellular mobile radio system as claimed in io 
any preceding claim, wherein the means for 
detecting the power of received signals in each 
base station comprises a receiver and an en- 
velope detector. 

75 

7. A cellular mobile radio system as claimed in 
Claim 6, wherein the means for generating a 
power control signal bit in each base station 
comprises a threshold device arranged to com- 
pare the detected power of the received sig- 20 
nals with another signal to produce a reduced 
power signal if the received power exceeds a 
threshold, or an increased power signal if the 
received power is below the threshold. 

25 

8. A cellular mobile radio system as claimed in 
any preceding claim, wherein each base sta- 
tion includes a comparator arranged to receive 
at a first input, a base station identification 
signal which is compared with the data cor- 30 
responding to base station selection and if a 
match is found, the data is launched from the 
base station into the network. 
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(54) Power control for mobile phone during soft handoff between two base stations using power 
control bits 



(57) The cellular mobile radio system comprising at 
least two base stations, and at least one mobile unit 
arranged to communicate with the base stations via a 
radio medium. Each base station includes means for 
detecting the power of received signals, means for gen- 
erating a power control signalling bit for controlling the 
amplitude of a power signal, and means for transmitting 



the power signal to the mobile unit. The mobile unit 
includes means for receiving the power control bits, and 
means tor monitoring the power control bits to identify 
the base station sending a greater number of control bits 
over a transmit frame, indicating that that base station 
has received the higher average power signal over the 
transmit frame. 
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